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Abstract
The study aimed to explore the impact of the cervical conization size (CCS) followed by cervical length
(CL) changes on preterm birth (PTB) rates in asymptomatic singleton pregnancies compared to
pregnancy outcomes (POs) in women with an intact cervix, and to estimate the PTB prevention e�ciency
in patients with a short cervix (vaginal progesterone alone group (PAG) vs. progesterone-pessary group
(PPG)). POs in populations with similar age, ethnicity, residency, education, and harmful habits who
underwent cervical conization compared to the women with an intact cervix, and sub-populations with the
su�cient CL vs. short cervix, and the PTB prevention e�ciency of PAG and PPG were retrospectively
analyzed. PTB risks depend on the CCS which is the key point, further, during pregnancy, the larger CCS is
associated with the short cervix, and higher PTB risks, notably increased among nulliparous women, and
the smaller CCS followed by the su�cient CL and lower PTB risks predominantly observed in women with
the prior parity. The USCL assessment is the PTB risk predicting tool, and it can be supplemented with the
CCS to increase its diagnostic value. There was no substantial impact on the POs associated with the
PTB prevention modes, whereas, the CL changes during pregnancy depending on the CCS is more critical
in POs.

Introduction
Preterm birth (PTB) is de�ned as any birth before 37 weeks of gestation or less than 259 days since the
�rst day of a woman’s last menstrual period.1 It is estimated that the 15 mln annual PTBs are one of the
worldwide healthcare concerns due to the high neonatal mortality, about 1 mln deaths, and severe
lifelong morbidity amongst survivors with harmful impact on the individual, family, community, and
societal levels of their living.1–6 Moreover, the necessity of the high costs of medical services and the
needed highly trained professionals is a �nancial burden of healthcare and the social systems in
developed countries.1–3,6−8 An expected increasing trend of the global PTB prevalence is based on further
improvements of healthcare systems worldwide with the establishment of statistics and registration of
PTB in many developing and low-income countries.1,6, 9,10

Traumatized and shortened cervix due to surgical procedures such as cold knife biopsy, conization, and
excisions were presented as a mechanical causative factor of the PTB11, 12, and its predictor.13–15 Further,
transvaginal ultrasound cervical length (USCL) measurements were recommended by many professional
societies to predict the PTB risks.12,16 Historically electrosurgical treatments of cervical pathologies were
suggested as a risk factor of PTB17–23, although other studies showed an absence of their impact on
pregnancy outcome(POs)24–29, with con�icting opinions of experts11,12,30, because of the complexity of
the PTB causative mechanisms.31,32

Vaginal progesterone was recommended as noninvasive PTB prevention for asymptomatic women with
a short cervix in the special clinical guideline from the Society for Maternal-Fetal Medicine Publications
Committee33, whereas the use of pessaries has more than 60-years history since Cross34 published
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successful results of the use of ‘Bakelite’ cervical ring in 13 cases to prevent habitual abortions due to
cervical incompetence. This device has been modi�ed and improved by Arabin.35 Nowadays both,
progesterone and pessaries have been used to prevent PTB in patients with a short cervix, although the
e�ciency of these treatments is extensively debated in the literature with disputable results for vaginal
progesterone36–41, cervical pessary 42–48, and their combination or comparisons.49–52

This study was designed to explore the impact of the cervical conization size (CCS) followed by cervical
length (CL) changes on the PTB rates of asymptomatic singleton pregnancies compared to POs in
women without cervical conization and to estimate the e�ciency of vaginal progesterone alone next to
its combination with a pessary to prevent PTB in patients with a short cervix.

Materials & Methods
Study design & subjects

This retrospective cohort study was designed in the outpatient unit of the university obstetrics and
gynecology hospital of the Moscow State University of Medicine & Dentistry (MSUMD) named after
A.I.Evdokimov. The study protocol was approved by the institutional Ethics Committee of the MSUMD (№
06–14 / 19.06.2014).

In the university outpatient clinic, more than 3000 electrosurgical cone-shaped (CONE) and loop (LEEP)
excisions were performed between 2006–2016 following cervical pathologies, including human
papillomavirus-related cervical intraepithelial neoplasia (CIN) grades 2–3 lesions and a combination of
CIN grades 1–3 with ectropion or deformation of the cervix after previous births. All diagnostic and
treatment methods were carried out following Good clinical practice guidelines, national diagnostic &
treatment standards, and regulations of the Russian Federation healthcare ministry with signed informed
consent by the patients. The following inclusion criteria were used to select the medical records of
asymptomatic women with POs: 1). Singleton pregnancies with a history of cervical conization before the
pregnancy with measurement of the volume of the removed part of the cervix according to our previously
described method69; 2). Without prior PTB history; 3).The transvaginal ultrasound cervical length (USCL)
assessments before and after cervical conization and during pregnancy. The USCL measurements during
pregnancy were performed in asymptomatic women without miscarriage (PTB) symptoms (uterine
contractions, pelvic pressure, a change in vaginal discharge70; 4). An absence of harmful somatic
diseases, obesity, and severe pregnancy pathologies.

Following these criteria, 331 medical records were found, including POs of women who had cervical
conizations (Fig. 7). Additionally, medical records of singleton POs of asymptomatic women without prior
history of cervical conizations (intact cervix) and PTB, as well as with USCL assessments before and
during pregnancy were collected. Finally, 621 POs were analyzed in the 1st cohort, grouped: women
without cervical conization - the intact cervix group (ICG, n = 290); cervical conization group (CCG, n = 
331). Then CCG was divided into two sub-groups depending on CL measured with transvaginal
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ultrasound at the 16–18 gestational weeks with a length of cervix > 25 mm as the su�cient cervical
length group (SCLG, n = 238); with a length of cervix ≤ 25 mm, as the short cervix group (STCG, n = 93).

In the 2nd cohort, 331 women with cervical conizations were grouped depending on cervical length and
PTB prevention management modes. Among them, from the 1st cohort women with su�cient cervical
length without PTB prevention (SCLG, n = 238) and other 93 women with short cervix were divided into
two sub-groups concerning the PTB prevention modes: progesterone alone group (PAG, n = 70) and
progesterone-pessary group (PPG, n = 23). Micronized progesterone vaginal capsules (200 mg/daily)
were prescribed to all pregnant women with an approved diagnosis of the short cervix (≤ 25 mm) by the
USCL assessment, and the treatment continued up to the 34th week of gestation following the current
recommendations of the Healthcare Ministry the Russian Federation (“Preterm birth” No. 15–4 / 10 / 2–
9480, 17.12. 2013).

Application of pessary was the choice of the patients. They started to use pessary from the 21–23 weeks
of gestation which was inserted after the USCL assessment. Mostly pessary was used between 25–28
weeks and in few cases up to 30 and 31 weeks of gestation. Only one woman started to use pessary
from the 15th week of gestation. 20 women used Arabin pessaries (Dr. Arabin GmbH & Co. KG, Witten,
Germany) and 3 patients – Yunona (Simurg, Vitebsk, Belarus) pessaries. There were not any other
additional treatments or other activities concerning PTB prevention.

Demographic and obstetric data
Main demographic parameters, including age, nationality, residency, education status, smoking, prior
reproductive (parity) history, and the interval between cervical conization and conception were
documented. Newborns in two women were with fatal outcomes. Data concerning the use of antibiotics
to prevent intrauterine infection, and other therapeutic agents to improve neonatal outcomes (antenatal
corticosteroids and magnesium sulfate) were not included because of the rare cases of these events.
Results concerning newborns were also not included in this study.

Methods
Gynecological checkups of the condition of the cervix included the transvaginal USCL measurements
before and after surgical treatment of cervical lesions in non-pregnant women, and during pregnancy.

Electrosurgical excision of the cervical lesions and cervical
conization size assessment
Electrosurgical excision of the cervical lesions was performed utilizing the Electrosurgical unit ESHF-80-
03-(FOTEK, Ekaterinburg, Russia) using CONUS-shaped and LOOP probes. All surgical procedures were
de�ned as cervical conization. The cervical conization size (CCS) or volume of the excised cervix (tissue
specimen) was measured according to our previously described technique.69 The measurement system
included a syringe containing water 10 ml (Fig. 8, A-D). The tissue specimen is immediately inserted into
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the syringe, which sinks into the water while the level of the wáter is rising; so, the exact volume of the
specimen de�ned as the CCS is estimated.

Transvaginal ultrasound cervical length measurement of
non-pregnant women and during pregnancy
The CL of all patients was evaluated before and one month after cervical conization. The intravaginal
probe using ultrasound equipment Siemens Sonoline G 60 (Siemens Healthcare GmbH, Erlangen,
Germany) with 6.5 MHz in two-dimensional modes. All measurements were performed during the
follicular phase of the menstrual cycle and were repeated three times, where the average values. USCL
was performed during the 16–18 weeks of pregnancy. The procedure was done following the technique
described by Iams et al13, according to their recommendations12,16, and the measurements were repeated
three times. Then, the average value was recorded. The CL of > 25 mm was considered a su�cient CL,
whereas a CL of ≤ 25 mm was de�ned as a short cervix.

The �nal endpoints

The �nal endpoints of the study were the childbirth mode (Cesarean section or vaginal delivery), the rate
of the amniotic membrane rupture, and the delivery time from registered active labor period with regular
contractions more frequent than every 5 minutes and dilated cervix 3 cm or more71, the duration (length)
of pregnancy in weeks, and �nally, the rate of spontaneous preterm birth (< 37 weeks of gestation).

Statistical analysis
All medical records were retrieved from the database of the outpatient unit were depersonalized and
collected in excel tables for further statistical analysis performed using the program (Graph Pad Prism.
8.0.2). The distribution normality of variables was achieved by using D'Agostino & Pearson test and
assembling QQ plots. Appropriate statistical tests were chosen accordingly to the type of the distributions
of the variables. Comparative analysis of groups without repeated variables was performed using an
ordinary one-way analysis of variance (ANOVA) with Tukey’s multiple comparisons test for variables
passed normality tests or nonparametric Kruskal — Wallis and Dunn's multiple comparisons, and Mann-
Whitney tests with alpha = 0.05 were used when variables did not pass normality tests. Results with
repeated measurements were analyzed using two-way ANOVA with Tukey’s multiple comparisons test
with alpha = 0.05. The relative risk (RR) and odds ratios (OR) were calculated using two-sided Fisher's
exact test with con�dential intervals computed with Koopman asymptotic score for RR and Baptista-Pike
method for OR, as well as sensitivity and speci�city, analyzed with Wilson/Brown method.

Comparisons of the pregnancy prolongation curves between 26–42 weeks of gestation (survival curve)
and the childbirth duration were performed using Log-rank (Mantel-Cox), Log-rank for trend, and Gehan-
Breslow-Wilcoxon tests with assembling of the survival curve plots. Results were described and presented
as the mean values and proportions (percentages, %) with standard deviation (SD) or 95% con�dential
intervals (CI), and also as box & whiskers, or violin plot, and two-sided P-value < 0.05 was considered as
signi�cant.
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Results

Demographic factors
Cervical conization procedures followed by pregnancies happened mostly among asymptomatic women
in their late twenties (total mean age 28.25 ± 5.3 with 95% CI (27.83 to 28.67), Supplementary Table 1).
Most of the women were Moscow inhabitants 91.03% (87.73–94.34) with Slavic 85.51% (82.73 to 88.28);
and other 14.49% (11.72 to 17.27) ethnic groups and achieved education levels: higher 31.4% (27.74 to
35.07); professional 37.84% (34.02 to 41.67); secondary 30.76% (27.12 to 34.4), among them 9.13% (8.91
to 9.35) were smokers (Supplementary Tables 2–8). Comparisons of all these factors were not
signi�cantly different between the groups (P = NS) demonstrating similar demographic composition of
the population in groups.

Obstetric factors and pregnancy outcomes
A signi�cantly higher proportion of the nulliparous population (p < 0.0001) was observed in ICG (65.17%
with 95%CI 59.66 to 70.69) than that of CCG (48.64% with 95% CI 43.23 to 54.05) supporting the
physicians’ decisions to avoid performing cervical conizations in nulliparous women (Fig. 1, A). The
proportion of the nulliparous population in SCLG (43.28% with 95% CI 36.94 to 49.62) was signi�cantly
lower in comparison to similar proportions of all short cervix groups STCG (P = 0.0277), PAG (P = 0.0095),
and PPG (P = 0.0500) showing that nulliparous women experienced cervical conization susceptible to
shortening of the cervix during pregnancy. The contrary signi�cantly higher proportion of woman who
previously has given birth de�ned as the birth-given women (BGW) was observed among the population
in CCG compared to that of women in ICG (P < 0.0019) (Fig. 1, B). There was the signi�cantly highest
number of GBW observed in SCLG in comparison to groups: ICG (p < 0.0001); STCG (P < 0.0004); PAG (P < 
0.0095).; PPG (P < 0.0017) achieved using Mann Whitney tests with Alpha = 0.05.

In total, the intervals between cervical conization and conception lasted 12.85 ± 5.32 months with 95% CI
(12.27 to 13.42) among all women with cervical conizations (Supplementary Table 9). Signi�cant
differences in the intervals were observed only between SCLG 12.28 ± 4.61 (11.69 to 12.87) and PPG
14.96 ± 5.71 (12,49 to 17.43) (P = 0.0222).

The Cesarean section was done in 19% (95% CI 15.91 to 22.1%) of cases, whereas 80.19% (77.05 to
83.34%) of women delivered by the natural approach (Supplementary Tables 10, 11). Spontaneous
ruptures of membranes were observed in 10.69% (9.33 to 9.87) cases in ICG, 7.84% (7.59 to 8.09) in CCG,
7.84% (7.5 to 8.16) in SCLG, 7.84% (7.46 to 8.23) in STCG, 7.7% (7.31 to 8.2) in PAG, 8.2% (7.32 to 9.08 in
PPG, and 8.96% (8.75 to 9.18) in total (Supplementary Table 12). The birth lasted 9.6 hours (9.33 to 9.87)
in ICG, 7.84 hours (7.59 to 8.09) in CCG, 7.84 hours (95% CI 7.5 to 8.16) in SCLG, 7.84 hours (7.46 to 8.23)
in STCG, 7.7 hours (7.31 to 8.2) in PAG, 8.2 hours (7.32 to 9.08) in PPG (Fig. 1, C). The rates of the
Cesarean section and vaginal births, as well as the spontaneous ruptured membranes, were similar
among all these comparisons, however, highly signi�cant differences observed in cases of the prolonged
deliveries among compared groups, ICG vs. CCG, SCLG, STCG, and PAG, showing the decreased delivery
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time intervals in women with cervical conization independently of CL changes con�rmed by the survival
curve with log-rank for trend tests (P < 0.0001).

The physical volume of cervical conization size (removed
cervical tissue volume)
The mean cervical conization size (CCS) with standard deviations and 95% con�dential intervals (CI)
were analyzed among all women with cervical conizations (Fig. 2): CCG 2.36 ± 0.88 (95% CI 2.27 to 2.46);
SCLG 2.16 ± 0.80 (95% CI 2.06 to 2.26); STCG 2.88 ± 0.87 (95% CI 2.7 to 3.1); PAG 2.73 ± 0.87 (5% CI 2.52
to 2.93), PPG 3.33 ± 0.72 (95% CI 3.01 to 3.64). The signi�cantly smallest CCS was observed in SCLG
than that of all other groups: CCG (P < 0.0162), STCG, PAG, and PPG (P < 0.0001). In turn, the CCS was
larger in PPG than that of PAG (P < 0.0139) and all other groups (P < 0.0001).

The 1st cohort comparisons
POs of the population with the intact cervix group (ICG, n = 290) in comparison to those of the population
with cervical conization group (CCG, n = 331), including two subsets of the CCG: su�cient cervical length
group (SCLG, n = 238) and short cervix group (STCG, n = 93), were analyzed.

Preterm birth rates between women with vs. without cervical conization, and short vs. su�cient cervical
length

The pregnancy lasted in ICG 38.91 ± 1.31 with (95% CI: 38.76 to 39.07); CCG 39.09 ± 1.82 (38.89 to
39.29); SCLG 39.37 ± 1.27 (39.2 to 39.53); STCG 38.39 ± 2.64 (37.84 to 38.93) weeks (Fig. 3, A). The
proportion of the remaining pregnant women between 32–37 weeks of gestation among all cervical
conization groups was signi�cantly lower compared to the intact cervix group in the survival curve and
con�rmed by log-rank for trend tests (P < 0.0001).

The PTB rate in SCLG was the lowest 5.88% with 95% CI, 2.87 to 8.89% among the 1st cohort (Fig. 3, B),
whereas in STCG it was increased up to 23.66% with 95% CI, 14.86 to 32.46% with signi�cant differences
by the Mann-Whitney test (P < 0.0001). The PTB rate among women with ICG was signi�cantly lower than
that of only in STCG (P < 0.0001) and relatively equal to those of other both conization groups: CCG (P = 
0.1179); SCLG (P = 0.5331). The PTB rate in STCG was signi�cantly higher than that in CCG and SCLG (P 
< 0.0001). Among women with STCG, there was signi�cantly increased PTB relative risk (P < 0.0001)
twofold (RR 1.95; 95% CI, 1.37 to 3.08), and the odds ratio raised �ve folds (OR 4.96; 95% CI, 2.41 to 10.4)
by two-sided Fisher's exact test. Additionally, the PTB rates were analyzed depending on NP or BGW
among these groups (Supplementary Table 13) and there were no signi�cant differences in the internal
comparisons in all groups (NP vs. BGW, P = NS), although among NP observed signi�cant differences
observed between groups: ICG vs. STCG (P = 0.0002), COG and STCG (P = 0.0011); SCLG vs. STCG (P = 
0.0011).

Ultrasound cervical length changes during pregnancy of women with vs. without cervical conization, and
short vs. su�cient cervical length
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There was a comparable ultrasound cervical length (USCL) before conization (1 vs. 1) among all the
studied groups (Fig. 4). During pregnancy (1 vs. 2) the USCL was signi�cantly changed in three groups,
ICG, CCG, and STCG (P < 0.0001), whereas in SCLG remained without changing. Signi�cantly changes of
the USCL during pregnancy (2 vs. 2) were found between all four groups (P < 0.0001) with the highest
degree in women of ICG and the lowest in STCG, as well as the USCL in SCLG, was higher than that of
STCG (P < 0.0001).

The 2nd cohort comparisons
The e�ciency of the PTB prevention modes was studied by dividing the STCG population into two
groups: progesterone alone group (PAG, n = 70) and progesterone-pessary group (PPG, n = 23) and
comparing their outcomes with those of the SCLG.

An impact of preterm birth modes (progesterone alone vs. progesterone-pessary) on the pregnancy
duration and preterm birth rates

The pregnancy lasted 38.6 ± 2.42 (95% CI: 38.02 to 39.18) and 37.74 ± 3.19 (95% CI: 36.36 to 39.12)
weeks respectively in PAG and PPG (Fig. 5, A). The proportion of the remaining pregnant women between
32–38 weeks of gestation among the population with short cervix regardless of the PTB prevention
modes was signi�cantly lower compared to that of women with su�cient cervical length in the survival
curve and con�rmed by the Gehan-Breslow-Wilcoxon test (P < 0.0018). Notably, that the curve of the
progesterone-pessary group in the survival-curve plot was remaining in the lower position in all
observation periods than the curve of the progesterone alone group.

The PTB was registered in 14, 15, and 7 cases (Fig. 5, B), respectively in SCLG (5,88%), PAG (21,43%) and
PPG (30,43%) with signi�cant differences (P < 0.0001 approximate) by the nonparametric Kruskal-Wallis
test (Lower 95% CI: 28.71; 11.57; 10.09, Upper 95% CI: 8.89; 31.28; 50.78). Dunn's multiple comparisons
tests showed signi�cant differences between SCLG vs. both PAG and PPG (P < 0.0001). Regardless of the
lower PTB rate among women in PAG in comparison with that of PPG, there were no signi�cant
differences between these two treatment groups (P = NS), although there is a tendency of the lower
survival curve between 34–37 gestation weeks and the higher PTB rates among women in PPG than
PAG.

Further, comparisons of PTB rates between NP and BGW did not show signi�cant differences (P = NS),
although an increased tendency of the PTB rate among NP than that of BGW was remaining in all 3
groups (Supplementary Table 14). There were signi�cantly lower PTB rates among NP in SLCG compared
to both groups with a short cervix: SCLG vs. PAG (P < 0.0062) and SCLG vs. PPG (P < 0.0118),
analogously the PTB rates among GBW in SCLG had a lowering tendency than in both short cervix
groups: PAG (P < 0.0635) and PPG (P < 0.0649).

Ultrasound cervical length changes during pregnancy
depending on preterm birth modes (progesterone alone vs.
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progesterone-pessary)
The USCL parameters before (1 vs. 1) and after (2 vs. 2) conization among nonpregnant women were
similar between all groups of the 2nd cohort (Fig. 6). Electrosurgical procedures signi�cantly reduced the
CL (1 vs. 2) among non-pregnant women in SLCG and PAG (P < 0.0001) and PPG (P < 0.001). Further, the
CL during pregnancy was signi�cantly longer than that of before pregnancy (2 vs. 3) in SCLG (P < 
0.0001), whereas in the other two groups the CL substantially shortened, in PAG (P < 0.0001) and PPG (P 
< 0.01).

Relative risks and odds ratios
Signi�cantly increased risk ratios, such as relative risk (RR) and odds ratio (OR) of PTB (Table 1) were
found among women with a short cervix (STCG) in comparison to women with su�cient cervical length
group (SCLG, p = 0.0001) as well as to those of both PTB prevention modalities (PAG, p = 0.0003 and
PPG, p = 0.0005). These PTB risk ratios were also higher in STCG compared to ICG (p = 0.0015).

Discussion
POs of asymptomatic women with similar age, ethnicity, residency, educational background, and harmful
habits of populations in the intact cervix group (ICG) vs. cervical conization group (CCG) with its subsets
after the adjustment for the USCL (SCLG and STCG), and depending on PTB prevention modes (PAG vs
PPG) were retrospectively analyzed. Medical records of women with somatic diseases, obesity, and
severe pregnancy pathologies were excluded to limit comorbidity factors of the PTB and focus on the
impact of the CCS and USCL changes on POs.

Cervical conizations followed by pregnancies were performed mostly among asymptomatic women in
their late twenties which is the age of the population with the peak incidence of severe dysplasia.53 There
was a signi�cantly higher nulliparous proportion among women who underwent cervical conization in
comparison to that of women without cervical conization (p < 0.0001), supporting the physicians’
decisions to avoid cervical conizations in nulliparous women.

The Cesarean section and vaginal birth rates, as well as rupture of the amniotic membranes, were similar
between compared populations. Our �ndings contradicted the literature data showing the increased
amniotic membrane ruptures among women with cervical conizations than without54–55 and an
association of the amniotic membrane ruptures with the impending preterm birth.56 The delivery
prolongation was signi�cantly decreased among women with cervical conization independently of their
CL (P < 0.0001) compared to that of the population with the intact cervix, which contradicts the data
showing the prolonged duration of delivery time in women with cervical conizations than without.18

Our comparisons of the PTB rates and pregnancy duration in women without and with cervical conization
in the 1st cohort, when the USCL was not adjusted, were similar to the literature data showing no
difference between these populations24,26,29 Besides, the PTB rates of women with su�cient CL (> 25
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mm) were also similar to those of women without cervical conization, whereas the PTB rate signi�cantly
increased in women with a short cervix (≤ 25) in comparison with women without cervical conization,
cervical conization in total and su�cient CL (P < 0.001). Subsequently, we con�rm that the results of
studies demonstrating controversial impacts of cervical electrosurgical procedures on the PTB rates11,12

in comparison to POs in population or internal controls were dependent on the volume of the CCS20,56−59

and the USCL adjustment.12,13,60

The proportion remaining pregnant in the survival curve was signi�cantly lower among women with a
short cervix between 32–37 weeks of gestation than in other groups with and without cervical
conizations by the Gehan-Breslow-Wilcoxon test (P < 0.0001). The survival curve demonstrating the
pregnancy duration among women with the short cervix in this study was similar to �ndings of Iams et al
13 who compared two groups adjusted for USCL ≤ 25 vs > 25 mm. We found similar �ndings with
literature when the increased PTB rates in women with short cervix after cervical conization were
remaining with adjusting for maternal age, parity, and smoking61, and prior PTB history.62 These results
showed that the CL is the cornerstone in the POs after cervical electrosurgical procedures, therefore
changes of USCL before and during pregnancy were thoroughly analyzed. The USCL values before
pregnancy were similar in all groups, whereas during pregnancy this parameter signi�cantly changed
between all comparisons adjusted without and with cervical conization, as well as su�cient and short
cervix (P < 0.0001). In turn, the USCL during pregnancy was remained non changed only among women
with su�cient CL, whereas in women without cervical conization become signi�cantly longer, and in
contrast among women with cervical conization it was shorter, and in women, with a short cervix, this
parameter extremely shortened (P < 0.0001). In our work, we describe for the �rst time �ndings of the
USCL changes, monitored before and after conization in non-pregnant women and during pregnancy
supplemented with the simple method of the CCS assessment, in addition, the short cervix after cervical
conization was observed mostly among the nulliparous population, whereas the su�cient CL in women
with the prior parity.

The 2nd cohort comparisons of the PTB prevention modes showed signi�cantly increased PTB rates
among women with a short cervix in both groups compared to that of the SCLG (P < 0.0001). Analogously
pregnancy duration (the proportion remaining pregnant in the survival curve) was signi�cantly shortened
among women with a short cervix in PPG compared to that in SCLG (P < 0.0001). Our results of the PTB
rates and the pregnancy duration among women with short cervix received vaginal progesterone alone
were similar with �ndings39,40 and contradicted37,38,41, analogously combined progesterone and pessary
application outcomes were in agreement49,52 and contradicted36,51,63 as well as pessary alone in
accord45,47,48 and contradicted35,42,44 with �ndings of publications using analogous PTB prevention
modes. Our observation concerning the e�cient similarity of both PTB prevention modes in accord with
the literature.49,64

The USCL values before and after conization were similar between all groups, although electrosurgical
procedures substantially reduced the USCL among nonpregnant women. Interestingly, the USCL during
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pregnancy becomes signi�cantly longer in women with su�cient CL (P < 0.0001), whereas in women with
short cervix this parameter substantially shortened, in both PTB prevention groups, PAG (P < 0.0001) and
PPG (P < 0.01). Analogously, during pregnancy in both PTB prevention groups the USCL was signi�cantly
reduced when compared to that of women in the SCLG (P < 0.0001). The biggest CCS was in women with
the short cervix treated with progesterone-pessary and the smallest in women with su�cient CL (P < 
0.0001), subsequently, short CL was associated with the volume of removed samples. These �ndings in
accordance with analogous observations when the size (depth) of removed cervical tissue was taken into
account to predict the PTB rates.21,22,57−59

Generally, signi�cantly higher PTB rates were observed among women with short cervix groups (STCG,
PAG, and PPG) in comparison to those of women without (ICG, p = 0.0001; 0.0073; 0.0068), and with
(CCG, p = 0.0055; 0.0959; 0.0381) cervical conizations and su�cient cervical length (SCLG, p = 0.0001;
0.0029; 0.0036) (Table 2).

Analogously substantially increased risk ratios, such as relative risk and odds ratio of the PTB rates were
found among women with a short cervix in comparison to women with su�cient CL as well as to those
of both PTB prevention modalities. Both PTB risk ratios were also notably higher in women with short
cervix compared to the intact cervix. The CL depending on the CCS is more critical in POs than the PTB
prevention modes in our observations.

It seems that a combination of several factors such as the larger CCS and the shortened USCL at the 16–
18 weeks of gestation depending on prior history of parity (nulliparous or women who given birth) plays a
crucial role in PTB rate in asymptomatic women with singleton pregnancies. Such importance of the CCS
in the PTB rates might be related to the high concentrations of neuropeptides, neurotransmitters,
oxytocin, and other physiologically active substances in the cervical tissue and lower uterine segment
than those of tissues in the upper part of the uterus.65,66 The cervix plays an important role during
pregnancy and delivery through modi�cation together with the part of the uterine body forming the lower
uterine segment.67,68 Subsequently, we suggest that excessively cervical conization might lead to tissue
insu�ciency and impair the structure and function of the cervix.

Strengths
Singleton POs of similar populations in age, national compositions, residency, background education
levels, and possessed bad habits (smoking) of asymptomatic women were retrospectively analyzed. All
cervical electrosurgical procedures before pregnancy with measurement of the CCS and most USCL
assessments were performed by trained professionals using the same equipment and instrumentation.
Then the statistical analysis of all results was performed by the independent researcher. Medical records
of women with somatic diseases, obesity, and severe pregnancy pathologies were excluded to limit
comorbidity factors of the PTB and focus on the impact of conization size and cervical length changes
on POs. Two-step statistics (1st and 2nd cohorts) enable us to demonstrate a signi�cant value of the
ultrasound cervical length measurements before and after cervical conization and during pregnancy as
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well as estimate e�ciency of the PTB prevention modes, i.e., vaginal progesterone alone and its
combination with pessary in women with short cervix adjusting the size of removed tissue, and the USCL
changes before and during pregnancy. Observations of the USCL changes monitored before and after
conization in non-pregnant women and during pregnancy with the simple method of physical volume
(size) assessment of the removed part of the cervix, as well as �ndings with the highest proportion of the
nulliparous women with a short cervix and contrary highest number of women who previously given birth
with su�cient cervical length were described for the �rst time. These results added knowledge to the
understanding of controversial PTB rates of the general population of women after cervical conization in
comparison with control women without cervical conization before pregnancy and depending on the CCS
and CL changes, as well as different PTB prevention modes. We suggest that the diagnostic and
predicting value of the USCL assessment during pregnancy will be increased if take into account CCS.

Limitations
Our study has limitations due to the retrospective study design: a small number of patients in the group
with combined application of progesterone and pessary, as well as using two models of pessaries, which
could lead to decrease statistical power of our analysis. The comparison bodies of the PTB prevention
modes were populations with an intact cervix, and with the cervical conization in total, and with su�cient
CL adjusted during pregnancy, however, we could not provide the group with analogous short cervix
without treatment, placebo, or used the only pessary because of an ethical reason and necessity to follow
the PTB management guidelines by the Healthcare Ministry of the Russian Federation. Women had
delivered in different maternity houses and medical centers in Moscow, but with relatively similar quality
of services, although it might be considered as a limitation of our study. The retrospective nature of the
study hampered our ability to collect data concerning newborns.

Conclusions
Our study shed light on the con�icting conclusions concerning the duplicity impact of cervical conization
on POs. The PTB risk was demolished in comparisons of populations with cervical conization and intact
cervix when the CL was not taken into account with somewhat provocative misleading results.. The PTB
risks depend on the CCS which is the key point, further, during pregnancy, the larger CCS is associated
with the short cervix, and higher PTB risks, notably increased among nulliparous women, and the smaller
CCS followed by the su�cient CL and lower PTB risks predominantly observed among women with the
prior parity. The USCL assessment is the PTB risk predicting tool, and it can be supplemented with the
CCS to increase its diagnostic value. There was no substantial impact on the POs associated with the
PTB prevention modes, whereas, the CL changes during pregnancy depending on the CCS is more critical
in POs.
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Tables
Table 1. The preterm birth relative risk (RR) and odds ratio (OR) parameters between groups, including
intact cervix group (ICG), cervix conization group (CCG), su�cient cervical length group (SCLG), short
cervix group (STCG), progesterone alone group (PAG), and progesterone-pessary group (PPG), achieved
using two-sided Fisher's exact test with con�dential intervals (CI) computed using Koopman asymptotic
score for RR and Baptista-Pike method for OR.
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Comparisons (versus) RR 95% CI OR 95% CI Likelihood ratio P values

1 ICG CCG 0.83 0.69 to 1.05 0.64 0.37 to 1.11 0.96 0.1271

2 ICG SCLG 1.1 0.79 to 1.39 1.25 0.63 to 2.53 1.23 0.6000

3 ICG STCG 0.69 0.49 to 0.88 0.33 0.17 to 0.65 0.37 0.0015

4 SCLG STCG 1.95 1.37 to 3.08 4.96 2.41 to 10.4 1.23 0.0001

5 SCLG PAG 1.66 1.22 to 2.57 4.36 2.03 to 9.24 1.2 0.0003

PPG 1.4 1.12 to 2.06 7.00 2.64 to 20.5 1.3 0.0008

PAG PPG 1.14 0.88 to 1.66 1.60 0.61 to 4.44 1.13 0.4043

Table 2. P values of the preterm birth rates between groups, including intact cervix group (ICG), cervix
conization group (CCG), su�cient cervix length group (SCLG), short cervix group (STCG), progesterone
alone group (PAG), and progesterone-pessary group (PPG), achieved using one-way ANOVA with Tukey’s
multiple comparisons tests.

Groups P-values of the preterm birth rates between compared groups

CCG SCLG STCG PAG PPG

ICG 0.6836 0.9960 0.0001 0.0073 0.0068

CCG - 0.3956 0.0055 0.0959 0.0381

SCLG - - 0.0001 0.0029 0.0036

STCG - - - 0.9975 0.9341

PAG - - - - 0.8277

Figures
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Figure 1

The proportion of nulliparous women (A, unit: ‰) and the proportion remaining non-delivered or delivery
time intervals (B, unit: proportion remaining non-delivered and hours) among asymptomatic women with
singleton pregnancies in the intact cervix group (ICG), cervical conization group (CCG), su�cient cervix
length group (SCLG, and short cervix group (STCG), progesterone alone group (PAG), and progesterone-



Page 21/27

pessary group (PPG), P-values achieved using Kruskal-Wallis with Dunn's multiple comparisons, and
Mann Whitney tests with Alpha = 0.05.

Figure 2

The physical volume of removed samples (unit: mL3) in women with cervix conization group (CCG),
su�cient cervix length group (SCLG) without treatment, and patient with a short cervix group (STCG) with
its subgroups progesterone alone group (PAG), and progesterone-pessary group (PPG). P-values achieved
using one-way ANOVA with Holm-Sidak's multiple comparisons tests with Alpha = 0.05.
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Figure 3

The pregnancy duration curve (the proportion remaining pregnant), (unit: proportion remaining pregnant
between 26-42 weeks), and preterm birth (PTB) rates (unit: ‰) among asymptomatic women with
singleton pregnancies in groups of the �rst cohort: intact cervix group (ICG), cervix conization group
(CCG), the su�cient cervix length group (SCLG) and short cervix group (STCG). P-values achieved using
Kruskal-Wallis with Dunn's multiple comparisons tests with Alpha = 0.05.



Page 23/27

Figure 4

Ultrasound cervical length (A, unit: mm, box & whiskers, min to max) assessed in non-pregnant women
before cervical conization (1) and during pregnancy (2) among asymptomatic women with singleton
pregnancies with intact cervix group (ICG), cervical conization group (CCG), su�cient cervix length group
(SCLG, and short cervix group (STCG).
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Figure 5

The pregnancy prolongation curve (the proportion remaining pregnant), (unit: proportion remaining
pregnant between 26-42 weeks), and preterm birth rate (unit: ‰) among asymptomatic women with
singleton pregnancies with the short cervix in progesterone alone group (PAG), and progesterone-pessary
group (PPG), in comparison with those of women with su�cient cervix group length (SCLG) without
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treatment group. P-values achieved using nonparametric Kruskal-Wallis and Dunn's multiple comparisons
tests with Alpha = 0.05.

Figure 6

Changes of the ultrasound cervical length (USCL, A) before (1) / after (2) conization and during
pregnancy (3) (unit: mm) among women with su�cient cervix length group (SCLG), women treated with
progesterone alone group (PAG) and progesterone-pessary group (PPG). P-values were achieved by using
two-way ANOVA with Tukey’s multiple comparisons and Kruskal-Wallis and Dunn's multiple comparisons
tests at alpha=0.05.



Page 26/27

Figure 7

Study design.
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Figure 8

Assessment of the physical cervical conization size (C, unit: ml3): A – conization of the pathologic part of
the cervix; B – removed sample; C – a syringe with 10 ml NaCl isotonic solution; D – estimation of the
volume of the removed sample.
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